INTRODUCTION
Numerous papers have dealt with the fermentation technology of citric acid production by Aspergillus niger but relatively few have described morphological properties of the mould during the fermentation. Manganese deficiency which induced good citric acid yields and affected the morphology of pellets was described by Clark et al. [1] . Recently impaired germination in Mn 2+ deficient medium was reported by Kisser et al. [2] . The present paper describes unusual germination in the form of spherical cells in A. niger during early stages of development in a high citric acid yielding medium. The appearance of spherical bulbous cells and later changes in morphology indicated some correlation to dimorphism found in some other fungi [3] . In Aspergillus dimorphism was found in A. parasiticus [4] in a Mn 2+ deficient medium and some similarity to this phenomenon has been described in A. niger where giant cells developed at elevated temperature [5] .
MATERIALS AND METHODS
A. niger spores (strain A 60-NRLL 2270) were harvested from a 7-day-old wort agar slant and suspended in 25 ml of 1% Tween 80 solution. The suspension was filtered to remove clumped spores.
The spore concentration was approx. 10 6 spores/ml. 1 ml of this suspension was used to inoculate 50 ml of the substrate. The chemically defined medium (CDM) contained in 1 litre of distilled water: NH4NO 3, 2,5 g: KH2PO4, 1 g: MgSO4.7H20), 250 mg: CuSO4.5H20, 40 mg: deionized saccharose [6] , 140 g. pH was adjusted with HC1 to pH 2.5.
The nutrient (low citric acid yielding) medium was composed of wort and tap water (1 : 1).
The media were autoclaved at 121°C for 20 min in 500 ml flasks with baffles. The flasks were shaken on a rotary shaker (New Brunswick) at 100 rev./min (if not indicated differently) at 30°C. PAS staining (periodic acid-Shift reagent) was carfled out as reported [7] .
For scanning electron microscopy (SEM) observations the cells were washed, fixed with glutaraldehyde and postfixed with OsO4 as recommended by Millonig [8] . The cells were dried by means of a critical point apparatus, coated with gold and observed in a Stereo Scanning Cambridge 600 microscope.
For transmission electron microscopy (TEM) examinations the cells were fixed as described by Pipan and Sterle [9] , post-fixed with 1% OsO 4 or 1% KMnO 4 for 1 h, dehydrated in ethanol and embedded in Epon. Thin sections were prepared with a LKB Ultratome and observed in a Jeol T8 microscope.
RESULTS
In comparison with germination in the nutrient medium A. niger spores germinated abnormally in the critic acid yielding medium. Growing in this medium A. niger strain A60 produced about 100 g of citric acid per litre in a period of 14 days. During the first 4 to 7 of incubation no morphological changes in the spores could be observed. After swelling began the conidial diameter enlarged from 3 to 5-6 #m. After 6 to 10 h incubation the swollen spores started to germinate. The growth of the germ tube continued until it reached a length of approx. 25 #m. Although this phase of germination was morphologically very similar to germination in the nutrient medium there was a difference in growth rate. In the nutrient medium the germ tubes appeared after 4 h cultivation and after 8 h they were approx. 50 #m long. After 14 h cultivation in CDM apical growth stopped and the germ tubes began to swell, initially at the apical region. At this stage the germ tubes had two protuberances. One represented the conidium and the other the swollen apex of the germ tube (Fig. 1) .
Later, complete swelling of the germ tube occurled and after 20 to 24 h the germ tubes were almost completely globose. During this period the diameter of the conldium also increased. Sometimes two globular cells connected together could be observed, one representing the swollen germ tube (up to 40 #m in diameter) and the other the enlarged spore (up to 15 #m in diameter). Usually, however, there were more than two globose cells connected together. This occurred if the conidium produced two germs tubes or if the germ tube branched before apical growth stopped and the sweUing began. After 24 to 26 h, on the surface of the bulbous cells, small buds (approx. 3 #m diameter) appeared from which filamentous hyphae later developed (Fig. 2) . Growth of these hyphae was much slower and branching more frequent than in represented practically the whole biomass of the pellets which were produced.
Scanning electron microscopy revealed differences in the cell wall surface of bulbous and mycelium-like cells (Fig. 2) . The surface of the bulbous cells was composed of rough, loose material while the mycelium-like cells had a smooth, uniform appearance. From PAS staining it appeared that polysaccharide had accumulated on the surface of the bulbous cell wall. The mycelium-like cells did not stain by the PAS method (Fig. 3) .
Bulbous cells usually adhered together and they represented the centre of the pellet later formed. Spore clumping began during the swelling phase and almost all spores were present in clumps when the germ tubes appeared (Table 1) .
Observations made by transmission electron microscopy revealed some interesting features. The spherical bulbous cells contained numerous large Table 1 Clumping of spores during the first 10 h of incubation vesicles (Fig. 4 ). Some were connected with the cell wall and their contents appeared to be excreted from the cell (Fig. 5) . In some cells small vesicles were observed next to larger ones. In younger cells there were either none or only small vesicles.. Mitochondria were numerous in the bulbous cells especially in early stages of development. However, neither Golgi apparatus nor endoplasmic reticulum and microtubules were observed in these cells. Bulbous cells were polynucleate and the nuclei had large dense nucleoli.
DISCUSSION
In this paper some details are presented about enlarged bulbous cells of A. niger which appeared at the beginning of citric acid fermentation. The bulbous cells occurred only in a Mn2+-deficient medium [2] which was essential for good citric acid accumulation [1] . These cells showed some similarities to yeast-like cells found in some dimorphic fungi [3] although they did not reproduce by budding. Soon after germ tubes were produced apical growth ceased and swelling occurred. After approx. 24h incubation small protuberances appeared on the surface of the spherical bulbous cells which then developed into normal mycelium-like hyphae. The cause of this spontaneous change remained unexplained. The results of the PAS reaction showed differences between the mycelium-like and bulbous cells. The latter were covered with polysaccharide material which did not appear to be firmly connected with the cell wall.
The most interesting finding from the electron microscopy studies was the presence of large vesicles with an excretory function which appeared particularly during the last phase of bulbous cell development. It was unclear whether the large vesicles developed from small vesicles by an increase in size or by fusion. Also the origin of small vesicles was even less clear as no Golgi apparatus, endoplasmic reticulum and microtubules could be observed. Demonstrations of a typical Golgi structure have been infrequently reported in fungi and perhaps not at all in dimorphic fungi [12] [13] [14] .
